The effects of apple pomace diets on rumen microbial population, movement of ingesta from the rumen, and water intake were studied in two trials with beef steers. Trial 1 was a 5 • 5 Latin square in which five ruminal fistulated steers were fed either corn silage plus cottonseed meal (CSM), apple pomace plus CSM, apple pomace plus urea, apple pomace plus urea and starch, or apple pomace plus urea and straw. Apple pomace dyed with Sudan IV was used as a measure of pomace particle depletion from the rumen, and PEG was used to measure ruminal liquid washout rate. Total ruminal ingesta volume and PEG liquid volume were not affected by diet. Both tungstic acid precipitable nitrogen (TAPN) and total bacterial numbers were similar when steers were fed either corn silage plus CSM or apple pomace plus CSM diets, but were higher for these diets than for the apple pomace diets that contained urea. Neither apple pomace, urea, nor straw affected rumen microbial morphology or protozoal numbers. Starch tended to increase the proportion of Gram-positive cocci in ruminal ingesta. Dye depletion from the rumen was not affected by treatment. However, liquid washout rate from the tureen tended to be greater when apple pomace diets were fed, particularly from 1 to 4 hr after the apple pomace plus urea and the apple pomace plus urea and starch diets were fed. The washout rates obtained when the apple pomace plus urea and straw diet was fed more closely resembled the washout rates when the apple pomace plus CSM diet was fed. Trial 2 was a 3 x 3 Latin square in which three steers were fed either corn silage plus CSM, apple pomace plus CSM, or apple pomace plus urea. The results of this trial suggested increased water consumption concurrent with greater ruminal liquid washout rate in steers fed apple pomace diets.
Introduction
The use of the by-product apple pomace as a major ingredient in diets for gestating beef cows was studied in a recent series of trials (Fon o tenot et al., 1977) . Apple pomace supplemented with cottonseed meal (CSM) and corn silage supplemented with either CSM or nonprotein nitrogen (NPN) gave similar results, whereas apple pomace supplemented with NPN resulted in lower cow weight gain and feed intake, lighter and weaker calves, and an increased incidence of stillbirths. Metabolic data from the same trials (Oltjen et al., 1977) suggested suboptimal utilization of NPN as a causative factor. However, these previous trials were not designed to study the dynamics of ruminal fill and fermentation which directly affect NPN utilization in the rumen.
The objectives of the present trials were to determine the effects of apple pomace diets on rumen microbial population, movement of ingesta from the rumen, and water intake. Ruminal pH, ammonia, volatile fatty acids, and ethanol and plasma ammonia for these steers were reported in an earlier paper (Rumsey, 1978) . The steers were housed in individual indoor 1202 JOURNAL OF ANIMAL SCIENCE, Vol. 48, No. 5 (1979) pens with outside exercise areas. Water and a 1:1 dicalcium phosphate and salt mixture were continually available as in previous cow trials . The five dietary treatments, expressed as daily intake per steer as fed, were: 1) 12 kg of corn silage (35% dry matter, IRN:3-02-819) plus .25 kg of cottonseed meal (CSM, 91% dry matter, IRN: 5--01--621); 2) 14 kg of apple pomace (17% dry matter, IRN:3--00--420) plus 1.0 kg of CSM; 3) 14 kg of apple pomace plus 1.0 kg of an 88:12 corn meal-urea mixture (92% dry matter, corn meal IRN:4-02-861, urea IRN:5--05-070); 4) same as treatment 3 plus 1.0 kg of corn starch (IRN:4-02-889); and 5) same as treatment 3 plus 1.0 kg of wheat straw (91% dry matter, IRN:1--05--339). These dietary treatments were based on treatments used in previous gestating cow trials with apple pomace . Half of each daily feed allotment was fed at 8:00 am and half at 4:00 pm; feed weighbacks were recorded daily.
On day 20 of each period, uneaten feed for that day was removed from the feeders at 8:00 pm. On day 21, ruminal fluid samples were collected before the 8:00 am feeding. The steers were fed their allotment of feed at 8:00 am, and at the same time 80 g of polyethylene glycol (PEG) were placed in the rumen and mixed. At 8:30 am, all uneaten feed was placed in the rumen and mixed. This feeding protocol was used to reduce animal variation related to intake patterns. Ruminal fluid samples were collected at 1, 2, 4, 6, and 8 hr after 8:00 am feeding for PEG analysis (Hyden, 1956) .
The same protocol that was followed on days 20 and 21 was followed on days 22 and 23. On day 23, ruminal ingesta samples were collected before the 8:00 am feeding, and then the steers were fed their 8:00 am allotment of each diet that contained 5% apple pomace dyed with Sudan IV (dry matter basis). For preparation of dyed apple pomace, dried apple pomace was placed in a cheesecloth bag, steeped overnight in a Sudan IV-chloroform solution, and 3Bausch and Lomb, Inc., 820 Linden Ave., Rochester, NY 14625.
4Mention of a trade name, proprietary product or specific equipment does not constitute a guarantee or warranty by the U. S. Department of Agriculture and does not imply its approval to the exclusion of other products that may be suitable. then rinsed several times with water to remove excess dye that had not been absorbed by the pomace particles. The pomace was then reconstituted with water overnight before feeding. Micrograms of Sudan IV dye per gram of dry ruminal ingesta were used as a measure of the relative change in the amount of dyed apple pomace with time after feeding. Samples of ruminal ingesta for dye analysis were collected at 1, 12, 24, 48, 72, 96 and 120 hr after the dyed apple pomace was fed. Duplicate 1-g aliquots of dried, ground ruminal ingesta were extracted in chloroform and filtered, and the Sudan IV in the extract was measured colorimetrically at 515 gm with a Spectronic 20.3,4
At 4 hr after feeding on day 31, the rumens of all steers were emptied, the volume of ruminal ingesta was measured, 80 g of PEG were mixed into the ruminal ingesta, the ingesta was sampled for PEG analysis, and the ingesta was returned to the rumens of the respective steers. The rumens were emptied, sampled and measured again 24 hr later. On day 35, the steers were switched to their next dietary treatment which began a new experimental period.
At the 4-hr sampling on day 21, an aliquot of unstrained ruminal ingesta was obtained for tungstic acid precipitable nitrogen (TAPN) analysis by the method of Shultz and Shultz (1970) and for examination of rumen microbial numbers and morphology. The microbial populations were examined by the addition of 1 g of unstrained, well-mixed, ruminal ingesta and 1 ml of formalin and 2 ml of saline. Total bacterial numbers were measured as described by Slyter and Putnam (1967) and protozoal numbers were measured by the procedure of Slyter et al. (1964) . Ruminal ingesta samples were diluted 1 to 10 in the dilution fluid of Bryant and Robinson (1961) , smeared on a slide, and Gram stained. The Gram reaction and morphology of the bacteria were determined with a phase microscope and oil immersion. One hundred bacteria were counted for each sample assayed.
Trial 2. Three beef steers averaging 350 kg body weight were assigned to a 3 x 3 Latin square arrangement of diets 1, 2 and 3 from trial 1. Management and housing, of the steers were similar to those in trial 1 except that water was available at all times in a calibrated 40-liter bucket.
On day 21 of each period, the buckets were filled to about 90% of capacity at the 8:00 am aFor each item, treatment means were compared using the following orthogonal contrasts: CSM diets vs urea diets, corn silage diet vs apple pomace plus CSM diet, apple pomace plus urea diet vs apple pomace plus urea, starch and straw diets, and apple pomace plus urea and starch diet vs apple pomace plus urea and straw diet.
bcommon standard error of mean taken from analysis of variance.
CThe CSM diets were greater than the urea diets, P<.01. dAnalysis of variance was not meaningful because of numerous zero values.
eThe apple pomace plus urea and starch diet was greater than the apple pomace plus urea and straw diet, P<.05.
feeding. Water intake was measured at hourly intervals for 8 hr after the 8:00 am feeding and at 24 hr after the 8:00 am feeding. The buckets were refilled as needed. Water intake was measured in the above manner for 4 consecutive days, and the results averaged for each period. The diets were switched on day 28 of each period.
Data from both trials were evaluated statistically by analysis of variance procedures and orthogonal contrasts (Steel and Torrie, 1960) . Depletions of Sudan IV dye and PEG from the rumen were described by plotting the logarithm of concentration vs time (Warner and Stacy, 1968) . The plots were evaluated on the basis of the equation lny = a + bx where y equals the micrograms of dye per gram of ruminal dry matter in the case of dye depletion and milligrams of PEG per 100 ml ruminal fluid in the case of PEG depletion, a equals the logarithm of concentration at zero time, b equals the regression coefficient, and x equals time in hours. The value of y for a given x is expressed by the equation y = e(a+bx) -
Results and Discussion
Trial I. The purpose of this trial was to determine whether apple pomace diets affected rumen microbial population and the rates that apple pomace and water were removed from the rumen. The effects of apple pomace diets aFor each item, treatment means were compared using the following orthogonal contrasts: CSM diets vs Urea diets, corn silage diet vs apple pomace plus CSM diet, apple pomace plus urea diet vs apple pomace plus urea, starch and straw diets, and apple pomace plus urea and starch diet vs apple pomace plus urea and straw diet.
CThe corn silage diet was greater than the apple pomace plus CSM diet, P<.01. dCalculated by dividing the total amount of polyethylene glycol (PEG) added to rumen contents by the PEG concentration in ruminal fluid at 4 hr after feeding on day 31. eRepresents the difference between ingesta volume and PEG liquid volume. aFor each item, treatment means were compared using the following orthogonal contrasts: CSM diets vs Urea diets, corn silage diet vs apple pomace plus CSM diet, apple pomace plus urea diet vs apple pomace plus urea, starch and straw diets, and apple pomace plus urea and starch diet ~s apple pomace plus urea and straw diet. bcommon standard error of mean taken from analysis of variance.
CDepletions followed first order changes where y = concentration in/ag dye/g ruminal dry matter or mg PEG/ 100 ml ruminal fluid, e = base of the natural logarithm, a = natural logarithm of concentration at zero time, b = regression coefficient and x = hours after administration of test material.
dThe CSM diets were less than the urea diets and the apple pomace plus urea and starch diet was greater than the apple pomace plus urea and straw diet at P<.05.
eThe CSM diets were less than the urea diets at P<.01.
fThe corn silage diet was less than the apple pomace plus CSM diet and the apple pomace plus urea and starch diet was less than the apple pomace plus urea and straw diet at P<.05. on TAPN, microbial population, and morphology are shown in table 1. The TAPN, a measure of total protein and used as a relative measure of microbial protein, was not different (P>.05) among diets; however, TAPN was greatest in ruminal ingesta when steers were fed the corn silage diet and the apple pomace plus CSM diet and least when steers were fed the apple pomace plus urea diet. Likewise, ruminal bacteria numbers were greater (P<.01) when steers were fed the corn silage diet and the apple pomace plus CSM diet compared to the apple pomace diets that contained urea. Dietary nitrogen intakes were not different (P>.05)among diets although more natural protein was consumed when the CSM-supplemented diets were fed than when the urea-supplemented diets were fed.
No differences (P>.05) in morphologic classification of ruminal bacteria and protozoa or in ruminal protozoal numbers were related to feeding either apple pomace or corn silage or to supplementing apple pomace with CSM or with urea. However, a variety of morphological types of ruminal bacteria were found by Dehority (1969) to grow on pectin as the only energy source. In the present research, the trend was toward a greater number of Grampositive cocci in ruminal ingesta when corn starch was added to the apple pomace plus urea diet; this trend is consistent with earlier reports (Slyter, 1976) .
A summary of dry matter intakes and ruminal fill measurements is shown in table 2. Average dry matter intakes of the apple pomace diets were not different (P>.05) from those of the corn silage diet. However, intake of the apple pomace plus CSM diet was lower (P<.01) than that of the corn silage diet. The intakes of the diets containing starch and straw tended to be greater than those of the apple pomace plus urea diet, primarily because both starch and straw were fed as an addition to the daily allotment of the apple pomace plus urea diet and not as a replacement for any dry matter. Sorting of the dietary components by the steers was not evident for those times when feed refusals occurred.
Ruminal ingesta volume, ruminal liquid volume determined by PEG analysis, and the calculated percentage ruminal ingesta dry matter (table 2) were not affected (P>.05) by dietary treatment. These were measurements taken only at 4-hr after feeding. Their similarity across treatments support the assumption of steady state in the rumen;however, differences in osmotic pressure and liquid volume at other times is not ruled out.
The depletion of Sudan IV dye and of PEG from the rumen when steers were fed the corn silage and apple pomace diets is shown in table 3. The semilog plots of dye concentration vs time indicated that depletion was more rapid from 24 to 72 hr than from 72 to 120 hr after dye-feeding for both the corn silage diet and the apple pomace plus urea and straw diet. Therefore, depletions of dye for all treatments within these two time periods were calculated and compared. The depletion of Sudan IV dye, used to represent the depletion of apple pomace, was not affected (P>.05) by treatment within either time period. A plot of the dye depletion data is presented in figure 1 to show the lag period for the apple pomace diets of about 24 hr before depletion of the dye started. One explanation of these data is that the Sudan IV was associated with a less digestible or less available part of apple pomace that had a delayed retention in the rumen relative to a more digestible or available part that was probably removed readily from the rumen. Particle size may have been involved.
The semilog plots of PEG concentration vs time indicated that PEG depletion was more rapid from 1 to 4 hr after feeding than from 4 to 8 hours. Therefore, depletions within these time periods for all treatments were compared. Variable washout rate with time after feeding has been described by Warner and Stacy (1968) . The depletion of PEG was affected by treat- i 600 "~' " """, ~. 2o 0 TIME AFTER FEEDING (hours) Figure 1 . Concentration of Sudan IV dye in ruminal ingesta dry matter after apple pomace dyed with Sudan IV was fed with corn silage or apple pomace diets to fistulated steers. ment (P<.05) during 1 to 4 hr after feeding. During this time, PEG depletion was similar when either the corn silage diet or the apple pomace plus CSM diet was fed, although the depletion was somewhat greater for the latter diet. Depletion of PEG was greater (P<.05) when the apple pomace diets that contained urea were fed, and this difference was primarily a reflection of the greater depletion rates for the apple pomace plus urea and the apple pomace plus urea and starch diets. The addition of straw to the apple pomace plus urea diet reduced (P<.05) the PEG depletion rate to a level similar to that of the CSM-supplemented diets. From 4 to 8 hr after feeding there were no differences (P>.05) in PEG depletion; however, the 1-to 4-hr trends tended to be reversed. The PEG depletion rates from 4-to 8-hr tended to be lower for the apple pomace plus urea diet and the apple pomace plus urea and starch diet than for the other three diets.
Assuming steady-state conditions in the rumen, the PEG depletion curves should represent the liquid washout rate from the rumen, therefore, the depletion data were used to calculate liquid washout rates. Washout rates were estimated by calculating the amount of water required to maintain a constant PEG concentration in ruminal fluid for a given time period and assuming this was the amount of water washed out of the rumen during that time period. In addition to the 1-to 4-hr and the 4-to 8-hr periods, the average washout rates over a 24.hr period were estimated in a similar manner using O-hr and 24-hr PEG measure- Figure 2 . Accumulative water intake of steers from 0 to 24 hr after they were fed corn silage or apple pomace diets. ments. These 24.hr washout rates were similar to those during the 4-to 8-hr period after feeding. The data suggest that liquid washout rate from the rumen was somewhat greater when steers were fed apple pomace diets than when steers were fed a corn silage diet. Also, when urea was fed with apple pomace, the washout rate from 1 to 4 hr after feeding was markedly increased, and the addition of straw to the apple pomace plus urea diet reduced this increased without rate.
Trial 2. The results of trial 2 are shown in figure 2. Mean water intakes were not significantly different. However, water intake generally was greater when steers were fed apple pomace diets than when fed a corn silage diet, particularly when the apple pomace plus urea diet was fed. Rates of water intake (liter/hr) during the first 4 hr after feeding were 1.35 when the corn silage diet was fed, 1.40 when the apple pomace plus CSM diet was fed and 2.20 when the apple pomace plus urea diet was fed. The respective rates of water intake when steers were fed these diets from 4 to 8 hr after feeding were 1.60, 2.78 and 2.85; and the average rates of intake were .68, .90 and 1.23 from 0 to 24 hours. These rates do not include dietary water intake. Feed refusals were minimal during the trial and the steers consumed over a 24-hr period approximately 3.5 liters more water as part of the diet when fed apple pomace than when fed corn silage. Thus, these data indicate greater water consumption concurrent with greater rumen liquid washout rate when apple pomace diets are fed, particularly for an apple pomace and urea diet. The greater liquid washout rate from the rumen, especially during the first 4 hr after feeding, could partly explain the suboptimal utilization of NPN suggested by Ohjen et al. (1977) when apple pomace plus NPN diets were fed to gestating cows.
